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Regional Vulnerability 
Assessment:

Definition,
History,

Application, and 
Future



Problem

Given multiple stresses affecting multiple endpoints simultaneously, 
how can limited resources be targeted to maximize benefits and 
minimize problems? 

How do we incorporate various perspectives to balance among 
competing priorities?

Clients
EPA Regional Offices

EPA Program Offices

Other Federal Agencies

NGOs

State and Local Decision-makers
....Anyone faced with this and no tools at hand to do it well...



Field-Monitored 
Data

Process-Based 
Modeling Data

Statistically-
Derived Data

Expert Judgments

Multiple Objectives

Multiple Criteria

Uncertainty

Multiple Stakeholders

Multiple Temporal & 
Spatial Scales

Limited Resources

Case Studies
System Dynamics

Remotely-Sensed 
Data

Determine spatial patterns 
of environmental conditions 
/ changes

Evaluate overall 
environmental conditions

Identify areas highly 
vulnerable to 
environmental hazards

Identify major forces / 
stressors

Identify major natural 
resources at risk

Identify areas for 
conservation, restoration, 
and/or mitigationInputsInputs

Outputs/DemandsOutputs/Demands

Environmental Environmental 
DecisionDecision--Making Making 

ContextContext

Regional Environmental DecisionRegional Environmental Decision--MakingMaking

Changes/adjustments in data monitoring, modeling, and case studies

Allocate resources

Social Values



New Indicators
New Spatial Models
Integration Methods

Socio-Economics
Decision Tools

Quantifying Error and Uncertainty
Issues of Scale

Information Technology

ReVA: the Research Program
Supporting Research on:

ReVA’s Environmental Decision 
Toolkit (EDT)
Making Research Results Accessible:

Web-based, integration and visualization
Data diagnostics and data preparation
Integration of data in subgroups
Weighting in support of multi-criteria 
decision making
Data access



ReVA: the Approach

ReVA’s Integrated Assessment Framework Helps Organize Research 
Knowledge and Tools to Respond to Client Needs

• Data acquisition / preparation
• Extrapolation / interpolation
• Model development / forecasting
• Synthesis
• Scenario Analysis
• Visualization/Communication/Access to 

Information

EDT

EDT = ReVA’s web-based Environmental Decision Toolkit



Insecticide (lbs/acre)NAWQA Sample Sites

Spatial Data
Point and Polygon

Native Species (counts)



• Percentage of crop land
• Percentage of pasture
• Percentage of all Ag use 
• Percentage of barren 
• Percentage of forest 
• Percentage of urban 
• Percentage of wetland 

Analytical Tools Interface for
Landscape Assessment - ATtILA

Single Variable
Landscape Metrics



ATtILA Multi-variable landscape metrics



ReVA is estimating condition across the map using 
existing data



Despite compliance with environmental 
regulations, biological populations are 
declining.

Major drivers of change include:

Land use change

Resource extractions

Pollution and pollutants

Exotic invasive species

Climate change

Future Scenarios:
Projections of Major Drivers of 
Ecological Change (2020)

These 
drivers 
projected 
for the Mid-
Atlantic 
Region}



Giant SalviniaLand use/ 
land cover



ReVA synthesizes environmental data and 
model results to inform decision-making

High Vulnerability

Low Vulnerability

Why Integrate?

1) To “boil down” huge amounts of data for decision-makers

2) When projecting future conditions, some things improve, 
some worsen, need to know net effect



Mid-Atlantic Vulnerability Assessment: Changes in 
Overall Condition, 2020





Timeline
1999 2000 2001 2002 2003 2004 2005 2006 2007

Mid-Atlantic Pilot – Methods: Multiple Stresses Affecting Multiple Endpoints

Research 
Strategy

Acquire/prepare date – current conditions

Develop/ evaluate 
synthesis methods

Develop 
prototype 
webtool

Project future 
conditions

ReVA/MAIA Conference

Develop 
Public 
website/EDT

SEQL – Balancing Among 
Competing Priorities

SAB Advisory 
(mid-course review and input)

R4 – Test/Refine Methods

R5 –Improve accessibility 
of methods and tools



Growth as 
Usual

Centers of 
Development

Resulting patterns of 
land consumption

OR

Mecklenburg
County

South Carolina

North Carolina
Charlotte MSA

Adjacent
Counties



Air Water
DEMO ONLY

High Density Low Density High Density Low Density



• Habitat for individual species…
• Habitat for guilds of sensitive 

species….
• Known locations of Threatened 

and Endangered (T & E) 
species…

• Potential habitat of T& E 
species…

Region 4 Vulnerability Assessment:
Sensitive Ecological Populations



Region 4 Vulnerability Assessment:
Hazardous Air Pollutants  (from NATA)

• Different behaviors in the 
environment…

• Different toxicity levels for 
individual species….

• Different exposures across 
the region….



Region 4 Vulnerability Assessment:  
Putting it all together…
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Integration equation from Tran et al. 2005

Wj = weight of each HAP based on its toxicity and 
our certainty

P = weight for locations with unusually high 
concentrations or overlapping deposition

l = a way for us to incorporate information on 
thresholds, LD 50, statuatory limitations



Region 5 Work:
ReVA’s regional assessment results available 
through Digital Watershed

• Nationwide Watershed Coverage

• Multiple Forms of Access

• Comprehensive Datasets

• Scaling Function

• Online Environmental Modeling

• Erosion and Deposition Modeling 
Online

• Relative Ranking of Watersheds 
(ReVA EDT) to provide regional 
context

• Local to Regional Conservation 
Assessment 

• Overall Vulnerability 
(Sustainability) Assessment



Web Server

Web Browsers

ReVA Tool 
Application

USGS Data (future)

Other agencies
(future)

EPA Data (e.g. 
Exhange Network)

State Data

W
eb services interface

Digital Watershed
(portal)

Region 5 Work:
Making ReVA’s EDT More Accessible



Types of Questions ReVA Can 
Address

• What are distributions of individual 
resources, stressors?

• What are regional conditions, vulnerabilities, 
sensitivities, relative rankings?

• Creation of topical indices to address 
management questions, issues, 
performance tracking.

With Available Data Only:



Types of Questions ReVA Can 
Address

• Areas vulnerable to future stresses (e.g. public site)
• Comparison of trade-offs associated with 

development (e.g. SEQL)
• Estimation of impacts of highway location
• Implications of regional environmental policies
• Impacts of proposed environmental regulations (e.g. 

work with OAQPS, Region 4)
• Effectiveness of existing regulations

(theoretical)

With Addition of Alternative Scenarios:



ReVA: the Future

• ReVA Guidelines available FY 07
• OAQPS National Ecosystem 

Assessment Toolkit Prototype FY07 
(phase 1)

• MW-EDT Protoype FY07
• Southeast Vulnerability Assessment, 

Phase 1 (aggregate toxics), 2008
• Webservices (?)


